Determination of the sensitized zone extension in welded AISI 304 stainless steel using non-destructive electrochemical techniques by De Lima-Neto, Pedro et al.
  
 
Open Archive Toulouse Archive Ouverte (OATAO)  
OATAO is an open access repository that collects the work of Toulouse researchers and 
makes it freely available over the web where possible.  
This is an author-deposited version published in: http://oatao.univ-toulouse.fr/  
Eprints ID :  2300 
To link to this article :  
URL : http://dx.doi.org/10.1016/j.corsci.2007.07.014 
To cite this version : Lima - Neto , Pedro de and Farias , Jesualdo P. and 
Herculano , Luis Flávio G. and Miranda, Hélio C. de and Araújo, Walney S. and 
Jorcin, Jean-Baptiste and Pébère, Nadine ( 2008) Determination of the sensitized 
zone extension in welded AISI 304 stainless steel using non-destructive 











a De­partame­n­to de­ Quí­mi­ca An­alí­ti­ca e­ Fí­s­i­co-Quí­mi­ca, Un­i­ve­rs­i­dade­ Fe­de­ral do Ce­ará, Campus­ do Pi­ci­, Bloco 940, 60455-970, Fortale­za, CE, Brazi­l
b De­partame­n­to de­ En­ge­n­hari­a Me­talúrgi­ca e­ Mate­ri­ai­s­, Un­i­ve­rs­i­dade­ Fe­de­ral do Ce­ará, Campus­ do Pi­ci­, Bloco 714, 60455-970, Fortale­za, CE, Brazi­l














carbide	 precipitation	 at	 grain	 boundaries	 and	 chromium	
depletion	in	adjacent	regions,	making	the	material	suscep-
tible	 to	 intergranular	 corrosion.	The	 intensity	of	 this	phe-
nomenon	is	aVected	by,	among	other	factors,	the	amount	of	
carbon	in	the	base	material	and	in	the	welded	material,	the	







tests	are	of	diY	cult	preparation,	exclusive	 for	use	 in	 labo-
ratory	and	 they	are	destructive.	For	an	 industrial	practice	





ratory	 to	 evaluate	 the	 sensitization	 to	quantify	 the	degree	
of	sensitization	of	five	austenitic	stainless	steels	(304,	304L,	
316L,	321	and	347)	heat	treated	in	the	range	of	400	°C–600	°C	
for	until	100	hours	 [2,3],	 to	study	the	 loss	of	 the	corrosion	
resistance	of	the	UNS	S31803	duplex	stainless	steel	aged	at	
low	 temperatures	 (350–550	°C)	 [4]	 and	 finally,	 to	 assess	


















to	 obtain	 the	 precipitation	 of	 chromium	 carbides	 in	 the	
grain	boundaries	after	the	welding	process.
2. Experimental
2.1. Mate­ri­al an­d we­ldi­n­g proce­s­s­
AISI	 304	 sheet,	 obtained	 from	hot	 lamination	 process,	
was	supplied	by	ACESITA	(Brazil).	The	chemical	compo-












some	 ditches	 at	 grain	 boundaries;	 and	 “ditch”	 structure,	
with	one	or	more	grains	completely	surrounded	by	ditches.	Table	1
Chemical	composition	of	AISI	304	(%	wt)
Element C Mn Si P Cr Ni Mo
wt% 0.02 1.39 0.46 0.03 16.82 10.06 2.03
Element V Nb Sn Ti N W Co







92 24 200 0.7











face	 was	 polished	 with	 400	 grit	 emery	 paper,	 degreased	
with	 ethanol	 and	 cleaned	 in	 water.	 The	working	 solution	
was	0.5	M	H2SO4	+	0.01	M	KSCN.	The	DLEPR	tests	were	
conducted	using	a	Pt	 foil	 as	 the	auxiliary	 electrode	and	a	
saturated	calomel	electrode	(SCE)	as	the	reference	one.	The	
experiments	 were	 started	 after	 nearly	 steady-state	 open	

























mental	 set-up,	 only	 the	 normal	 component	 of	 the	 current	
was	measured	and	the	spatial	resolution	was	estimated	to	be	
about	1	mm2	for	each	measurement.
3. Results and discussio­n
3.1. Mi­cros­tructure­ characte­ri­zati­on­
Fig.	3	shows	a	SEM	image	of	the	304	SS	surface,	welded	




304	SS.	This	surface	morphology,	according	to	ASTM	262-A,	 is	 classified	 as	 step	 and	 associated	 to	 a	 non-sensitized	
stainless	steel.
The	 modification	 of	 the	 microstructure	 of	 the	 304	 SS,	
welded	 with	 2.2	kJ	mm¡2,	 with	 the	 distance	 from	 the	 weld	
string	 is	 shown	 in	Fig.	4.	The	microstructure	at	2	mm	from	
Fig.	4.	SEM	images	showing	the	microstructure	at	diVerent	distances	from	the	weld	sting	for	the	304	SS	welding	with	2.2	kJ	mm¡1:	(a)	2	mm;	(b)	3	mm;	















to	 the	 precipitation	 of	 the	 chromium	 carbide	 in	 the	 grain	
boundaries.	Finally,	the	SEM	image	obtained	at	10	mm	from	






 3.2. DLEPR­ te­s­t









Distance from weld string / mm 
 0.7
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is	 shown	 in	Fig.	 6.	The	 curve	 shows	 that	 the	 steel	welded	
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obtained	 for	 the	 AISI	 304	 SS	 welded	 with	 both	 welding	































ted	 close	 to	 the	 welding	 (d	=	0	mm)	 are	 relatively	 similar.	
This	is	explained	by	the	fact	that	this	zone	is	aVected	in	the	
same	way	by	the	welding	process.	In	Fig.	7a,	it	can	be	seen	










along	 a	 line	 perpendicular	 to	 the	 weld	 string	 for	 the	 two	
welding	energies.	Measurements	carried	out	on	the	welded	
plate	with	0.7	kJ	mm¡1	constituted	the	reference.	The	imped-
ance	modulus	 for	 the	 reference	 increases	gradually	on	 the	
first	two	millimetres	starting	from	the	weld	string,	then	its	
value	 remains	 relatively	 constant.	 For	 the	welding	 energy	
of	2.2	kJ	mm¡1,	the	variation	of	the	impedance	modulus	can	
be	 clearly	 connected	 to	 the	 localization	 of	 the	 sensitized	























that	 the	 sensitized	 zone	 in	 the	HAZ	was	 detected	 by	 the	
LEIS	 technique	 at	 a	 frequency	of	 0.5	Hz.	To	visualize	 the	
 Fig.	9.	Comparison	of	 the	 impedance	phase	measured	at	0.5	Hz	with	 the	
distance	from	the	weld	string.HAZ,	 it	 is	 necessary	 to	work	 in	 a	well	 defined	 frequency	
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